Gastric cancer is a great part of the cancer occurrence and the mortality from cancer in Korea, and the early detection of gastric cancer is very important in the treatment and convalescence. This paper, for the early detection of gastric cancer, proposes the analysis system of an endoscopic image of the stomach, which detects abnormal regions by using the change of color in the image and by providing the surface tissue information to the detector. While advanced inflammation or cancer may be easily detected, early inflammation or cancer is difficult to detect and requires more attention to be detected. This paper, at first, converts an endoscopic image to an image of the IHb (Index of Hemoglobin) model and removes noises incurred by illumination and, automatically detects the regions suspected as cancer and provides the related information to the detector, or provides the surface tissue information for the regions appointed by the detector. This paper does not intend to provide the final diagnosis of abnormal regions detected as gastric cancer, but it intends to provide a supplementary mean to reduce the load and mistaken diagnosis of the detector, by automatically detecting the abnormal regions not easily detected by the human eye and this provides additional information for diagnosis. The experiments using practical endoscopic images for performance evaluation showed that the proposed system is effective in the analysis of endoscopic images of the stomach.
Introduction
In Korea, gastric cancer is more common and the occurrence rate of gastric cancer is 29.6% for males and 18.0% for females in whole malignant tumors. Also, it takes a great part of mortality from cancer. In this situation, the early detection of gastric cancer is most important for treatment and convalescence. As the examination for the early detection of gastric cancer, there are the upper gastrointestinal series using X-ray and the upper gastrointestinal endoscopy. The upper gastrointestinal endoscopy may be regarded as the best examination since it is able to show the inner part of the stomach directly, detect small lesions, and moreover, make tissue inspections possible. However, in the endoscopy, the detector must make a decision by watching an endoscopic image displayed on the monitor, and the difference between detectors and the difficulty in diagnosis and description of lesions may occur.
The most important factor in the practical endoscopy field is to decide whether or not cancer has occurred and the size of lesion. In practice, difficulties are frequently occurred in making the distinction between early gastric cancer and the inflammatory change of the surroundings such as rubor, erosion, intestinal metaplasia or atrophic gastritis, etc. [1] , [2] .
The diagnosis of lesion using endoscopy is greatly based on the analysis of morphological features such as the structural variation and irregularity of the surface, etc. and the change of color. Image processing technology such as intensifying the morphological variation is very useful for the accurate diagnosis based on endoscopy. Nowadays, a few technologies for morphological intensification have be developed and used clinically in some endoscopy-based areas [3] . On the other hand, the technology intensifying the change of color is not yet generally used. This paper proposes the analysis system of endoscopic images that detects abnormal regions by using an analysis of the change of color in the endoscopic image of the stomach, thus providing information on the surface tissue to the detector. Figure 1 shows a flowchart for the proposed analysis system of endoscopic images detecting abnormal regions on the en- Fig. 1 Flowchart for the proposed analysis system of endoscopic images.
Proposed Analysis System of Endoscopic Image
Copyright c 2006 The Institute of Electronics, Information and Communication Engineers doscopic image of the stomach. An endoscopic image of the stomach has light redness on the whole, and at first, this paper converts the endoscopic image to an image of the other color model, which grasps and handles the change of red color well for the detection of abnormal regions. The noises incurred by illumination are removed from the converted image and abnormal regions are automatically detected. If there are regions appointed by the detector, the system detects and provides information on the surface tissue for the regions.
Conversion of Endoscopic Image to IHb Model
Generally, the RGB color model is used for color representation in the computer environment. In the color model, there are three channels of red, green and blue, corresponding to the three axes of the color model of cube style shown in Fig. 3 , and each channel has a value ranging from 0 to 255. The RGB color model is the additive color model summing up the three channels to generate a new color. Therefore, the representation and analysis of the correlation between a color and color channels are difficult in the RGB color model.
The endoscopy system stores information on the lesion in terms of RGB values via the light source and the CCD module installed at the body. Most of endoscopic images have redness on the whole due to the influence of hemoglobin, so that detailed colors of an endoscopic image are determined by the amount of hemoglobin. The redness of an endoscopic image incurs difficulties in detecting abnormal regions from the image. Figure 2 shows the distribution of monochromatic values per channel of the RGB color model on an endoscopic image. As shown in Fig. 2 , it can be known that the red and green colors have more influence on an endoscopic image of the stomach. Figure 2(b) indicates that it is difficult to measure the value of red color in an endoscopic image by using only the red channel, thus a new analysis model that best expresses the distribution of hemoglobin in an endoscopic image is needed. Figure 2(d) shows that the blue channel has no influence on the analysis of the color change, and so, this paper excluded the blue channel in the consideration for a new analysis model.
Generally, the amount of hemoglobin (i.e. the distribution of blood flow) in the mucous membrane is in accord with the distribution of IHb (Index of Hemoglobin) [4] - [6] . The IHb is calculated from the values of the RGB channels (Vr for red color, Vg for green, and Vb for blue color), based on the following rational [6] . Hemoglobin is the predominant pigment in the gastrointestinal mucosa, so measurement of the hemoglobin content is a reasonable method for quantifying the color in the gastrointestinal endoscopic images. The peak absorption of light by hemoglobin occurs at a wavelength of 560 nm (which is within the wavelength range of the Vg color), while there is low absorption by hemoglobin around the wavelength 650 nm (which is within the Vr range). Thus, if the mucosa is rich in hemoglobin content, absorption of light at a wavelength of 560 nm is large, that is, Vg is low, whereas if the mucosa is less rich in hemoglobin content, then absorption at 560 nm is small, that is, Vg is high. On the other hand, irrespective of the hemoglobin content, Vr tends to be constant. Accordingly, the logarithmic transformation of the ratio of Vr to Vg leads to an index which is correlated to the hemoglobin content of the mucosa. The IHb is calculated using Eq. (1):
To examine which color model best represents information on red color in an endoscopic image, values of red color represented by the RGB model and the IHb model have been classified by various criteria, the results being shown in Fig. 3 . To discriminate classified intervals of red color with easy, each interval was represented by using a different color. 
Removal of Noises by Illumination
As shown in Fig. 4 , reflection regions by illumination can occur many times in an endoscopic image of the stomach. While the illumination is needed to take a picture of the dark inner part of the stomach, it incurs a distortion of color and can generate inaccurate results in detecting the change of color. Therefore, regarding reflection regions as noises, they must be removed and recovered to the original color. Figure 5 shows the procedure for the removal and recovery of noises by illumination. At first, reflection regions are extracted by using color information. As the regions appear reflected by illumination, they have high values on all channels of the RGB model. Also, as the regions show a low degree of redness, they have very low values in the IHb model. So, the regions satisfying two conditions in the en- doscopic image can be extracted as noises by illumination. Since the surroundings of the extracted regions have a high possibility of being noises incurred by illumination, by enlarging the extracted regions, the regions of sufficient size must be extracted for the removal of noises by illumination. In image processing, the extracted regions are enlarged by morphological processing [7] and the enlarged regions are extracted by the contour tracking algorithm [8] , [9] .
For the extracted noise regions, the recovery of original color is needed to reduce the loss of information, and the color recovery is accomplished by using color information of the surroundings. As shown in Fig. 7(d) , the surrounding area that uses for the color recovery is determined in diameter as large as 2 times the extracted reflection region with the same center. Like Fig. 6 , the amount of color variation in the surrounding area is measured and the gradient of color variation is calculated. The gradient is extended to the extracted region at the left and right direction, recovering each channel of each pixel of the extracted region proportionally and summing up a recovered color. The recovered color is much closer to the original color than the simple extension of color in the surrounding area. Figure 7 shows the procedure that extracts noise regions and recovers them to the approximate color of the original in the endoscopic image.
Detection of Abnormal Regions
This paper proposes the method that automatically detects abnormal regions being suspected as gastric cancer in the preprocessed image. The definition and features of the abnormal regions is as follows: abnormal regions are the regions that appear much redder than the surroundings in the endoscopic image and scatters densely like Fig. 12(e) shown later. According to the definition, abnormal regions correspond to the areas with red and orange colors in the classification using the IHb model like Fig. 3(g) . Also, as an abnormal region scatters densely in an area with restricted size, the yellow-colored area including areas with red and orange colors must be extracted to detect abnormal regions as a cluster.
To prove the above definition, the distribution of IHb values for gastric cancer regions detected by experts was examined in 10's endoscopic images, the results being shown in Fig. 8 . X-axis represents IHb values and Y-axis represents the frequency of IHb values as percentages. It is shown in Fig. 8 that the distribution graphs are able to be approximately classified to three distribution types, and the normalization of the graphs to the three types is like Fig. 9 .
Looking into features of each distribution type, the first type, 'Type-1' has higher frequencies for high IHb values and a shape of the normal distribution with a high mean value on the whole. As shown in Fig. 9 , if the threshold value is not less than 60, graphs of this type can be extracted. If extracting abnormal regions using the threshold value of 60 in an endoscopic image of this type, extracted regions are closely resemble to true gastric cancer regions detected by experts. The second type, 'Type-2' has higher frequencies for IHb values of middle level and a shape of the normal distribution with a mean value lower than 'Type-1.' When the threshold value is set to 60 or over, many regions with efficient information are excluded in the extraction process. Therefore, having the threshold value be brought down, the extraction of abnormal regions using a threshold value of 50 yields similar results to the detection by experts. The third type, 'Type-3' shows a distribution of low IHb values on the whole, causing the difficulty in extracting gastric cancer regions from an endoscopic image. In this type, a shadow by a bend part and noises occurred in regions directly reflected by illumination make IHb values lower, so that the proposed analysis system can not extract the exact gastric cancer regions.
Experiments with a help of experts show that most of gastric cancer regions detected by experts are of types 'Type-1' and 'Type-2.' So, in this paper, to extract gastric cancer regions from endoscopic images, the threshold values are set to 60 and 50 for abnormal regions of 'Type-1' and 'Type-2,' respectively. Figure 10 shows the frequency distribution of IHb values on the whole area for each of 6's endoscopic images. Each image shows a type of distribution being close to the normal distribution approximately, and gastric cancer regions extracted from the images are of 'Type-1' or 'Type-2,' as above-mentioned. Looking into the relation of the frequency distribution of IHb values and the type of gastric cancer regions, gastric cancer regions of 'Type-1' appear in images with a mean of IHb values between 40 and 60 and ones of 'Type-2' in images with a mean of IHb values between 20 and 40. In conclusion, this paper determines the threshold value for the extraction of gastric cancer regions based on the mean value of IHb values on the whole area of an endoscopic image.
To detect abnormal regions, the endoscopic image converted to the IHb model needs to be classified according to the criterion given in Fig. 11 and the classification results is shown in Fig. 12 .
The histogram of Fig. 11(a) represents the distribution of IHb values on an original image, and it can be seen that the frequency becomes smaller as the value of the red color becomes higher. In this paper, based on the analysis of various endoscopic images, a range more than 70 in the IHb model is assumed the highest level for the red color. In Fig. 11(b) , using the above assumption, a range more than 70 is set to the highest level for the red color and the re- maining range is classified to 7 intervals with the same size. And, 8 classified intervals are represented by using primitive colors for easy discrimination. In Fig. 12, (a) is an original endoscopic image, and (b) and (c) show binarization using the mean and the median value of IHb channel, respectively. In the binarization images, the values, if larger than the threshold value, appear with red color, otherwise with violet color. Fig. 12(d) shows the classification to 8 intervals with the same size between the maximum and the minimum values and Fig. 12(e) shows the classification by using the proposed adaptive criterion like Fig. 11(b) .
Abnormal regions are detected from the image classified using IHb values like Fig. 12(e) . First, by using a contour tracking algorithm, clustered areas with the same color are extracted from the image and yellow-colored areas including areas with red and orange colors are selected as candidates of abnormal regions. Among candidate areas, the areas become excluded from abnormal regions, of which the overall size is not sufficiently large or the ratio of areas with red and orange colors to the overall area is smaller than a given threshold. Using the proposed detection method, abnormal regions detected in Fig. 12(e) is like Fig. 13(f) . 
Performance Evaluation
Experiments were performed using real endoscopic images and taking the help of experts in endoscopy to evaluate the efficiency of the proposed system. Using 20's endoscopic images, experiments extracted abnormal regions and compared them with regions of gastric cancer appointed by experts in endoscopy on the basis of histologic results. Fig. 14(a) shows endoscopic images including regions of gastric cancer marked by experts in endoscopy and Fig. 14(b) abnormal regions detected by the proposed system. Based on the comparison between (a) and (b) in Fig. 14 , it can be known that while the proposed system cannot extract the accurate boundary of an abnormal region, it is able to detect abnormal regions in endoscopic images and provide enough information on them to bring the attention of the detector. Figure 15 shows a case in which the detection of gastric cancer regions has failed. In Fig. 15, (a) represents the region detected by experts, (b) shows the classification of IHb values on the image using the proposed method, and (c) shows the abnormal region extracted by the proposed system. In Fig. 15(a) , the region of the cancer appears redder than the surroundings, having a low value of red color compared with the whole area. Especially, if the cancer region is protruding, it appears bright by the reflection of illumination and has a low value of red color. In this case, the other areas have a higher value of red color than the cancer region, causing the proposed system to fail to detect abnormal regions. That is, the proposed system has a problem that it may fail to detect regions of cancer in images with rugged images.
Generally, in medical diagnoses of gastric cancer endoscopy, negativity (−) means a normal case not being a cancer and positivity (+) a case being a cancer. In this paper, experiment results are divided to three types such as sensitivity, false positive and false negative. Sensitivity corresponds to a case in which true cancer regions are extracted by the proposed system, coinciding to detection results of experts. False negative means an error that a region of positivity is diagnosed as negativity, being most dangerous and attention-required. And, false positivity is an error that a re- gion of negativity is diagnosed as positivity, corresponding to a case that noisy regions are extracted as gastric cancer regions. In this paper, to find criteria being used to determine an acceptance of an abnormal region extracted by the proposed system, an experiment was performed, that examined degrees of overlap between computer-extracted regions and experts-detected ones in endoscopic images. Figure 16 shows experiment results obtained on 4's endoscopic images randomly selected. The comparison of computer-extracted regions with experts-detected ones was visually represented using various colors. Blue color indicates regions of sensitivity (+) → (+) type corresponding to true cancer regions, yellow color ones of false negative type, violet color ones of false positive type, and pixels with original color indicates regions of sensitivity (−) → (−) type corresponding to normal regions. That is, pixels with blue and yellow colors correspond to regions detected by experts and pixels with blue and violet colors regions extracted by the proposed system. Table 1 shows the ratio of pixels for blue, yellow and violet colors relative to corresponding regions in the experiment results of Fig. 16 . The ratio of pixels with blue color to a computer-extracted region is high, indicating that the extracted regions almost coincide to or are covered by expertsdetected regions. Also, currently, the goal of the proposed system is not to exactly extract abnormal regions suspected as the gastric cancer, but to assist the detector by providing information on the existence of abnormal regions and positions of them, etc. Therefore, on the analogy of Fig. 16 and Table 1 , this paper had an acceptance of a computerextracted region be determined if the ratio of an overlapped area to the corresponding computer-extracted region is not less than 70%.
To evaluate the performance of the proposed system, regions extracted from 20's images was classified to three types and the frequency per type was shown in Table 2 (a). Abnormal regions considered in Table 2 (a) were extracted by using only color information of images.
In Table 2 (a), since only color information was used in the extraction process and no additive information for diagnosis used, all abnormal regions extracted were determined as cancer regions, so that results of false positive appears in a high ratio. If morphological information such as size and shape, etc is added in the process, experiment results are able to be fairly improved. Table 2 (b) shows experiment results generated when using color information and morphological information of size and shape on abnormal regions. First, using color information, regions of interest are extracted from an endoscopic image, and next, a more precise region is selected among the extracted regions using information on size and shape.
On the analogy of Tables 2(a) and (b), when using additive information on size and shape of abnormal regions, while false negative diagnoses occur, the frequency of false positive diagnoses becomes lower and the frequency of sensitivity higher. Though experiment results present in Table 2(a) is not enough to prove the effectiveness of the proposed system, they show future direction of work to produce better performance.
Conclusions and Future Works
This paper proposes the analysis system of endoscopic images that automatically detects abnormal regions based on the analysis of a color change and provides enough information to bring attention to the detector. The proposed system detects abnormal regions suspected as gastric cancer and notifies the detector, reducing the load and mistaken diagnosis of the detector. The experiments for performance evaluation showed that the proposed system is able to provide proper information and assist the detector in diagnosing gastric cancer. But, the proposed system has a problem in that a region of cancer maybe failed to be detected in images with many rugged areas.
Future studies can make improvements to the proposed system based on the practical clinical application, the research on the diagnostic method of abnormal regions and the extraction method of accurate information on surface tissue.
